vertical cords thus traverse the posterior surface of the disc in precise conformity with the movements of the carrier and the targets borne by it. Using a target on one or other arm as desired, the examiner is enabled, by recording with chalk on the back of the disc the various positions of the indicator on the corresponding vertical cord, to map out the whole field at a distance of one-third of a metre or the central third of the field at a distance of 1 metre. An outline of the normal field of each eye for the shorter radius is engraved on the back of the disc.
MY object is to advance two points. One is, a clinical symptom which, I consider, exists in the eye, namely, "deep tension" or " resistance." The other point is, that the passive expansion which occurs in rubber balloons without increase in pressure, occurs also in eyes with normal or sub-normal pressures. It is difficult to avoid mixing up the words "tension " and pressure;" in the case of the eyes there is a tendency to employ them as alternative terms, but the two are distinct. Part of the experiment is to show that they are not alternative, but two different states.
For the experiment I use two india-rubber balloons of equal size freely communicating with each other and with a manometer. Rubber bellows are used for pumping air into them. The pressure in the two balloons is therefore always equal throughout the experiment. Air is forced into the balloons and the pressure raised. Up to a certain point the expansion of the balloons and their tension remain equal, but if more air is pumped in the elasticity of one of the balloons gives way and it expands while the other contracts slightly; at the same time the pressure in the manometer falls and continues to fall to a minimum point where it remains stationary. The pumping in of more air does not raise the pressure, so that with the fall of pressure in the manometer the tension in the smaller balloon becomes less, while in the larger the tension becomes greatly increased, and the difference in tension between the two balloons under equal pressure becomes very marked.
The explanation of difference of tension in the two balloons I consider to be two-fold, viz. (1) in superficial tension, (2) in deep tension.
(1) The larger balloon feels harder because the actual membrane is thin and stretched and its true tension increases.
(2) If deeper pressure is made in the balloon a sense of resistance is felt, due to the fact that the air cannot be pressed out of it without raising the pressure in the manometer. This resistance to deep pressure I propose to call deep tension. The smaller balloon feels the softer of the two, because the actual walls are thicker and not stretched taut, so that its true tension is slightly less than in the larger balloon. But if deeper pressure is made on the balloon the whole of its contents can be pressed out without raising the pressure in the manometer, that is, there is no deep tension or resistance, and hence the main cause of difference of tension in the two balloons.
When feeling the tension of eyes, the lightest touch of which one is capable is applied. Deep tension in the eye is represented by the extent to which an eye will dimple to a given pressure. The amount of this dimpling varies in different eyes. In some the superficial tension is so soon passed that there is a danger of mixing it up with deep tension. When there is very little fluid to be pressed out of the eye it gives rise to a sensation of deep tension, which will increase, and may merge into glaucomatous tension. I regard it as a valuable premonitory sign of glaucoma. It does not, in itself, cause glaucoma, but, coupled with a fairly deep excavated disc, it is capable of merging into glaucoma.
After passing the critical point, expansion may take place without rise of pressure; the expansion goes on at a rate something below the normal pressure. That is what probably sometimes occurs in myopia.. In those cases of large so-called physiological cups, which go on expanding with subnormal or normal pressure, this may explain progressive glaucomatous cups where no tension can be detected. If deep tension and its significance were more widely recognized it should prove of clinical value, both as a sign of glaucoma and in other conditions. But.it requires much more study than it has yet received.
DISCUSSION.
Mr. M. H. WHITING said he gathered that the white ball was made of thick rubber, the black one of thin rubber, consequently the former required a greater dilating force than the latter. In the experiment, the black ball became expanded as soon as the original resistance was overcome, and the pressure required to expand it still further became less as it expanded; the mercury in the manometer fell. But at a certain stage the limit of the elasticity of the black ball was reached. On dimpling the black ball one tried to overcome the rigidity which had been reached in it; it was no longer elastic, but rigid. The white ball still retained a considerable margin of elasticity, hence it expanded slightly and dimpled, and the tension appeared to be slight. He did not, however, see how it could be contended that these conditions were reproduced in the eye, because the elasticity of the eye was so small, at no one moment was it capable of much expansion, though after exposure to pressure for long periods it did expand with structural change.'
Mr. GRAY CLEGG thought that this was a problem which concerned the physicist; but if conclusions were to be drawn by ophthalmologists from Mr. Batten's findings, it would seem that the tonometer must go by the board.
Mr. BATTEN (in reply) said he thought the experiment had a definite relation to problems met with in the eye, although he was aware the eye tissues were not rubber. The membranes probably followed the same laws. He was not insisting that the experiment really proved anything, but showed in an exaggerated forn conditions which he thought did occur in eyes. I Postscript.-I understood from Mr. Batteni that the two bulbs were, as far as possible, similar.
It must, then, be considered that some accidental circumstance, i.e., one not intentionally included in Mr. Batten's experiment, determined which bulb should expand first.--M. H. W.
